A reactive CFD model has been developed and implemented numerically in an in-house code for a coupled double loop circulation fluidized bed reactor.
Introduction
(2n + m)Me x O y + C n H 2m → (2n + m)Me x O y−1 + mH 2 O + nCO 2 (1)
The development of Computational Fluid Dynamic (CFD) model for CLC idization regime in the FR has the objective of raising the fuel conversion with a within narrow range [17] , thus no energy conservation was simulated in the FR.
82
Only the AR is incorporated with the heat balance. by use of a thermal gravimetrical analysis technique and expressed by:
with the activation energy E = 37070 (J/mol) and the preexonential factor 94 k 0 = 3.27 × 10 −2 (m/s).
95
The S 0 represent the surface area for the reaction and is dependent on the 96 degree of conversion X through a nonlinear relation with:
where X is the volumetric dimensionless degree of conversion, which is the ratio 98 of the radial position of the reaction (r c ) over the external radius of the particle
99
(r p ). It can be expressed in terms of the mass fraction Y of Ni and NiO:
The reaction rate of reaction (4) in the air reactor is given as [24] :
was suitable for the future studies with the consideration of the computational 118 time and numerical accuracy. .
where #» v s,z is the axial velocity of the particles. r indicates the radial direction. 
Validation of the reaction model
The performance of the CLC process can be characterised by CH 4 conver-200 sion, which expressed by:
in whichṅ CH4 is the inlet or outlet molar flow of the fuel. The optimal methane 202 conversion is 100 % since any unburned methane must be removed before the in the AR is higher than in the FR.
236
The vertical profiles of solid volume fraction and gas concentration in both is observed for gas products CO 2 and H 2 O. The CH 4 conversion is about 91 %.
243
In the AR, the axial distribution of oxygen concentration is relatively moderate.
244
That is, the O 2 concentration decreases continuously along the length of the AR, for the lower performance at the higher fuel power conditions. In Figure 10 , 268 one can observe that the gas velocity increase along the axial direction, which 269 is because more gas will be released as the reaction (3) goes on (one mole CH 4 270 input will gives three mole gas of CO 2 and H 2 O output). The higher fuel power reactor.
275
The model simulations predict that higher fuel power gives lower methane in the reaction (3), which is also shown in Figure 12 as the optimal ratio.
287
The variation of the O 2 concentration along the height of the reactor is 288 plotted in Figure 9 (b) at different fuel power conditions. In this figure, it can 289 be seen that as the fuel power increases, the O 2 exit concentration increases.
290
That is mainly because the higher air flow rate is needed when the power is which is attributed to the heat being released by the exothermic reaction (4). range of temperature might not be physically predicted by the current model.
306
However three temperatures, 1100 K, 1150 K, 1200 K, were chosen to examined 307 the influence of reaction temperature on the CLC performance.
308
The results from a FR temperature variation are shown in Figure 14 . 
332
• Core-annular flows exist in both reactors. The gas species concentrations 333 in the radial direction are determined by the OC concentration.
334
• Due to the shorter residence time of reactants, the higher fuel power would 335 decreased the methane conversion in the FR as well as the oxygen conver-336 sion in the AR.
337
• An increased temperature could increased the conversion of the fuel and 338 the oxygen since it enhance the reaction rate.
339
The methane conversion could reach to 95% in the current study which Phys. 14 (1974) 361-370.
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Molecular temperature equation for phase for gas phase Gas turbulent kinetic energy equation
Gas turbulent energy dissipation rate equation 
Turbulent stress tensor [20] τt = − 2 3 ρgkgĪ + 2µ t gSg Table 3 Empirical parameters for the κ − ε model [20] .
0.09 1.00 1.30 1.44 1.92 0.25 Table 4 Constitutive equations for internal momentum transfer
Gas phase stress
Solid phase stress
Deformation rate for phase k (k = g, s) Table 5 Constitutive equations for internal heat and mass transfer
Effective conductivity
where Effective diffusivity
t s = dp 16αs √ πΘ Table 6 Interfacial momentum and heat transfer equations
Interfacial force
ρg dp
where
Interfacial heat transfer Qgs = −Qsg = 6αs dp hgs(Tg − Ts)
Interfacial heat transfer coefficient [38] hgs = λgN u dp N u = (7 − 10αg + 5α Global air-fuel ratio − 1.1 
